Intersphincteric resection (ISR) has rapidly increased worldwide including laparoscopic surgery. However, there are some concerns for the definition of ISR, surgical technique, oncological outcome, anal function, and quality of life (QoL). The aim of the present study is to evaluate those issues. A review of this surgical technique was carried out by searching English language literature of the PubMed online database and appropriate articles were identified. With regard to open-ISR, the morbidity rate ranged from 7.5% to 38.3%, with lower mortality rates. Local recurrence rates varied widely from 0% to 22.7%, with a mean follow-up duration of 40-94 months. Disease-free and overall 5-year survival rates were 68-86% and 76-97%, respectively. Those outcomes were equivalent to laparoscopic-ISR. Surgical and oncological outcomes of ISR were generally acceptable. However, accurate evaluation of anal function and QoL was difficult because of a lack of standard assessment of various patient-related factors. The surgical and oncological outcomes after ISR seem to be acceptable. The ISR technique seems to be valid as an alternative to abdominoperineal resection in selected patients with a very low rectal cancer.
by clinicopathological studies has encouraged surgeons to preserve the anus. [7] [8] [9] [10] [11] [12] [13] In 1994, Schiessel et al. introduced intersphincteric resection (ISR) followed by hand-sewn CAA as an anal preservation procedure for very low rectal cancer closer to the anus. 14 ISR is the ultimate anal preservation surgery by both abdominal and anal approaches which consists of TME and excision of the internal anal sphincter. The surgical technique changed the concept of anal preservation and, since 2000, has rapidly expanded not only in Europe, but also in Japan and other Asian countries. Also, laparoscopic-ISR has come to be aggressively carried out. [38] [39] [40] [41] [42] Many researchers have reported the surgical, oncological, and functional outcomes. However, some studies including conventional Parks' CAA, or low anterior resection with stapled anastomosis have caused misunderstanding of ISR.
Moreover, quality of life (QoL) impairment caused by fecal incontinence remains unclear. 20, 46, 48, [54] [55] [56] The present review investigates and discusses the surgical, oncological and functional outcomes, as well as QoL, of ISR.
| ME TH ODS
A literature search of PubMed online database in the English language was carried out and appropriate articles associated with ISR were identified including laparoscopic surgery. Some studies specializing in conventional Parks' CAA and in stapler CAA (ultralow anterior resection with stapled anastomosis) were excluded.
Multiple publications involving the same series of patients (or duplicate patient populations) were identified and grouped together with only the most recent or primary study to avoid double-counting of patients.
3 | RESULTS
| Indication
Available data were extracted from 22 articles and are summarized in Table 1 . The most common indication for ISR is a tumor with T1-3 categories and a tumor located at 10-50 mm from the anal verge. Contraindication is the presence of untreatable distant metastasis, poorly differentiated carcinoma, poor anal function, psychiatric disease, and a fixed tumor (T4 lesion) which invades the puborectal muscles and/or external anal sphincter.
| Neoadjuvant chemoradiotherapy and surgical outcomes
Neoadjuvant chemoradiotherapy was commonly given, but its use varied widely, ranging from 0 to 100%, as shown in Table 2 . 
T A B L E 1 Characteristics of patients and tumors

| Surgical technique
Based on the concept of TME, 3 canal is started at the DL in partial-ISR, between the dentate line and intersphincteric groove in subtotal-ISR, and at the intersphincteric groove in total-ISR. 35 The IAS is dissected from the EAS, prostate, vagina, and puborectal muscle, and then the dissection is connected to the transabdominal dissection. After the rectum is completely separated from the anal canal structures, the specimen is taken out of the anus. Thereafter, hand-sewn CAA is done using straight colon, 21 
| Morbidity and mortality
Regarding open surgery, the rate of overall morbidity varied widely from 7.5% to 38.3% (Table 3) . Operative mortality was rare (0-1.7%). Morbidities included anastomotic leakage, pelvic abscess, colonic ischemia (or necrosis), ileus, ano-vaginal fistula and others.
Anastomotic leakage occurred in 4.3-48% of cases, and subsequent stenosis was observed in 8.4-23.3% of cases. These outcomes were almost equivalent to laparoscopic-ISR.
| Oncological outcomes
Oncological outcomes are summarized in Table 4 . As to open-ISR, the rate of radical surgery (R0 resection) was over 90%. The distal resection margin (DRM) was maintained from 5 to 25 mm. respectively, within a mean follow-up duration from 12 to 94 months.
These outcomes were almost equivalent to laparoscopic-ISR.
Disease-free and overall 5-year survival rates were excellent, with ranges of 68-86% and 76-97%, respectively. Oncological outcomes after ISR were not markedly different from those after conventional Parks' CAA or APR. 29, 35 Only one study reported a significant difference in the overall and disease-free survival rates between ISR and APR. 33 Saito et al. reported a significant difference in overall survival rate between ISR and APR. 52 Akagi et al. reported no significant difference in LR and recurrence-free survival rates between ISR and APR which were carried out during the same time period. 35 These outcomes were almost equivalent to laparoscopic-ISR, but were not sufficiently evaluated because of the small number of patients and short-term follow up.
| Functional outcomes
Regarding open-ISR, anal function was assessed at 1 year after stoma closure, and the available data were summarized from 14 articles, 16, 18, [21] [22] [23] [24] [25] [26] 30, 31, 33, [45] [46] [47] as shown in Table 5 . Stool frequency/ 24 h varied widely from 1.8 to 5. function by digital examination is useful, 58 and comparable to manometry. 59 
| Surgical margin
Correct evaluation of tumor invasion to the anal canal complex is essential to achieve both negative distal resection margin (DRM) and circumferential (radial) resection margin (CRM). In the 21st century, better understanding of the distal spread based on the pathological studies justified reduction of the DRM from 20 mm to 10 mm. 7, 8 Neoadjuvant CRT enabled the DRM to be decreased to 5-10 mm. 9-11 A DRM of 10 mm is thought to be safe and reasonable for anal preservation when ISR is applied for a very low rectal cancer closer to the anus. 12 In addition, CRT is commonly used to avoid positive CRM and to decrease LR. The CRM is well known as a powerful indicator for LR, 13 and the CRM around the anal canal is likely to represent a risk factor for LR when ISR is carried out. Computed tomography, magnetic resonance imaging (MRI), and digital examination are commonly used to evaluate tumor invasion to the anal canal complex. A MRI study has demonstrated no invasion to the EAS when the distance between the lower edge of the tumor and the DL is ≥2 cm. 60 This study was supported by a histopathological investigation of F I G U R E 1 Definition of intersphincteric resection. The resection line of the rectum or anal canal varies depending on the location of the tumor from the anal verge. Total intersphincteric resection (total-ISR) is defined as an internal sphincter resection at the intersphincteric groove (ISG), subtotal-ISR is between the dentate line (DL) and ISG, and partial-ISR is at the DL. CAA, coloanal anastomosis; DST, double stapling technique; EAS, external anal sphincter; IAS, internal anal sphincter; ISS, intersphincteric space; LAM, levator ani muscle; SbEAS, subcutaneous part of external anal sphincter. whole-mount sections. 61 Moreover, Salerno et al. reported that MRI can predict invasion to the ISS. 62 The utility of MRI has been emphasized for facilitating a successful operation with negative CRM. 63, 64 In contrast, Dent et al. have reported that MRI cannot predict histological tumor involvement of CRM. 65 The validity and reproducibility of the diagnosis require further investigation. 65, 66 To avoid a risk of positive CRM, the ESR procedure may be suitable for a tumor with suspected invasion into the ISS and/or EAS. 17, 49 The same strategy appears in Russian and Korean studies, 44, 53 and the concept is supported by a histopathological investigation. 61 However, the ESR showed a higher positive CRM rate (36.7%). 37 Surgery alone seems to be difficult for achieving local control. Most authors agree that any tumor invading the EAS (T4 tumor) should be treated using chemoradiotherapy followed by APR.
| Oncological outcomes
Local recurrence is a serious concern after ISR, and occurs in the pelvic cavity including at the anastomotic site. [38] [39] [40] [41] [42] However, the surgical techniques are not yet established, and regarded as more complex with difficulties in pelvic exposure, dissection, and sphincter preservation.
| Functional outcomes
Anal dysfunction is one of the serious potential problems after ISR.
However, data from laparoscopic-ISR was not sufficient for estima- Generally, maximum resting pressure (MRP) is mainly affected by the IAS and, in part, by the EAS. 76 MRP gradually recovered over time after ISR, 14, 15, 19 and anal function improved over time. 23, 27 Some authors reported that colonic J-pouch anastomosis offered superiority in bowel frequency, urgency control, tolerable volume, Wexner score, and fecal incontinence severity index (FISI) 77 compared with the straight anastomosis. 20, 43, 78 Moreover, the C-pouch and smooth muscle plasty procedures improved anal function following ISR. 30, 44 However, these procedures may be difficult in obese patients and/or in male patients with a narrow pelvis. Also, neoadjuvant CRT is an adverse factor for anal continence following ISR. 28, 45 QoL such as physical, social and psychological aspects of a patient's life is likely to be affected by anal dysfunction. 28, 79 QoL outcomes of ISR patients were relatively good based on the SF-36, EORTC QLQ-C30, and FIQL scales. 20, 46, 48 However, further studies are required to evaluate the QoL.
| CONCLUSION
Surgical and oncological outcomes after open-and laparoscopic-ISR seem to be acceptable. The ISR technique seems to be a valid alternative to APR in selected patients with a very low rectal cancer.
However, the necessity for ISR and expectations of QoL impairment as a result of functional disorder should be fully discussed with patients before surgery.
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